SUMMARY One thousand women younger than age 50 years suspected of having coronary disease were followed for at least 5 years (average 8.4 years) to determine their course after coronary arteriography. Three patients were lost to follow-up; all had normal arteriograms. The survival rate was 96.9% at 5 years for 761 patients who had less than 50% narrowing of any artery. One patient who had coronary ectasia died within 5 years, and one woman who had minimal lesions suffered sudden death. Seven of 727 women who had normal arteries or less than 30% narrowing of any artery had coronary events (death, myocardial infarction, bypass operation for progressive disease), and six of 34 women who had 30 to almost 50% obstruction of at least one artery had coronary events. Calculations of survival for 236 women who had severe coronary lesions were affected by withdrawal for operation. Five-year survival was 74%.
SYMPTOMATIC OBSTRUCTIVE DISEASE of the coronary arteries is less common in premenopausal women than in men of comparable age.1 A report of 1000 women younger than 50 years who had coronary arteriography indicated that the clinical diagnosis is often difficult to establish.2 Most of the patients in this report had no serious obstructive disease. If severe coronary obstruction was frequently missed arteriographically, there should have been appreciable cardiac mortality in those women thought to be free from severe orga'nic lesions. This study was designed to provide a 5-year minimum follow-up of 1000 patients, recognizing that a number of those with severe lesions would drop out during the 5-year period because of surgical intervention.
Methods
The clinical characteristics of 1000 women younger than age 50 years who were studied by selective coronary arteriography between 1961 and 1968 have been reported.2 All had been suspected of having coronary disease, although only 222 had typical angina, defined as pain or a pain variant in the upper half of the body induced by walking and relieved promptly (within 15 minutes) by rest. Nine hundred seventy-six were studied because of chest pain and the others for other indications, usually electrocardiographic abnormalities.
Patients who had congenital heart disease, valvular abnormalities, or subaortic stenosis were excluded, but hypertension and cardiomyopathy were not grounds for exclusion if coronary disease was suspected. The data were reviewed specifically for the study. Computers were used only for analysis.
Disagreements in arteriographic interpretations were resolved among arteriographers before data entry. An attempt was made to follow each patient for at least 5 years or until death and to determine the course after arteriography. The ties (narrowing of less than 30%) had nine coronary events during the follow-up; two patients died within 5 years after catheterization. Seven events occurred after 5 years; two were deaths attributed to coronary disease, two were myocardial infarction, and three were arteriographically demonstrated progressive disease. On an actuarial basis, 89.8% were free from events at 8 years, after which only 31 patients were followed (one event in the tenth year).
Of the 34 women who had moderate (30% to almost 50%) narrowing of a major artery, three died of cardiac causes: case 7 died suddenly and cases I and 6 died of cardiomyopathy (table 1). One woman who had moderate obstruction died of cancer at 117 months and one died of unknown cause at 26 months. Actuarial survival was 91.1% at 8 years (one additional death in the tenth year, but only about one-third followed up). Cases 3, 4, 7 and 8, who had moderate obstructions, had arteriographically demonstrated progressive disease and all had bypass operation for progressive coronary disease (table 3); two of these had inferior myocardial infarction 9 and 66 months after arteriography. Case 2 had a myocardial infarction at 52 months (table 2) .
Six of the 34 women had eight coronary events: one died suddenly, three had transmural myocardial infarction, and four had arteriographically proved progression of disease, and all underwent operation; four had five events within 5 years. Actuarially, freedom from events was 84.5% at 8 years (one event in tenth year, but only 13 patients were eligible). The difference in the incidence of these events from that of the combined group that had less than 30% narrowing or normal arteries (seven of 727) was significant (p < 0.001). The difference in the incidence of events in the mild and moderate subsets was not significant. The numbers of cardiac deaths were so small that further statistical analysis was meaningless. Table 4 is a summary of the data relative to survival and coronary events at 5 years. The difference in survival between the normal subset and the two abnormal subsets combined is significant (p < 0.001). There were no deaths due to coronary disease in the normal subset and there were three in the two abnormal subsets of minor coronary disease. Patients in the normal subset had no coronary events, but six patients who had events in the mildly or moderately abnormal subset did have coronary events. Noncoronary deaths were more common in the abnormal subsets (nine deaths; 7.9%) than in those who had normal coronary arteriograms (12 deaths; 1.9%).
Eleven patients in whom no seriously obstructive arterial disease was demonstrated had electrocardiographic evidence of myocardial infarction.2 In one case, the original diagnosis was changed subsequently to atypical Wolff-Parkinson-White syndrome. Only one of the remaining 10 had a history somewhat suggestive of myocardial infarction, and she was the only patient who had an akinetic segment in the left ventricle. This patient, case 7, died suddenly at 45 months (table 1) . One patient did not have a ventriculogram. Case 4 died and is discussed above. The other eight patients were living at last follow-up (80 months minimum), and none had a history of myocardial infarction.
The ECG was abnormal in 330 of 761 patients (43%) who had no severely obstructive lesions. Of 15 cardiac or probable cardiac deaths, 13 patients had abnormal ECGs, although only three of five deaths suspected of being of coronary origin occurred in patients whose ECG was abnormal.
Of 761 patients who had normal or nearly normal coronary arteriograms, 397 (52%) had chest pain at last follow-up. Ninety-four women had no severe coronary lesions and normal ventriculograms and had what was considered to be typical angina pectoris. There were no cardiac deaths and three noncardiac deaths. None had experienced myocardial infarction when last checked, but 57 (61%) still had chest pain.
Severely Obstructive Coronary Disease
Two hundred thirty-six women had 50% or more narrowing of the diameter of at least one major coronary artery. Average follow-up for nonsurgical survivors was 8.1 years. In survival curves, patients were considered dropouts at the time of any subsequent operation for coronary disease. Five-year survival was 74.1 ± 3.7% and the 10-year survival was 62.6 ± 4.3% ( fig. 1 ).
All patients were classified by candidacy for bypass operation by modern criteria on the basis of the original catheterization findings; 163 qualified and 95 of these had some type of operation within 5 years, most (89%) within 1 year after catheterization: 60 had internal mammary artery implants, 21 had bypass operations, and 13 had other operations. Sixteen others thought not to be surgical candidates for bypass surgery actually underwent operations. Two women who had no significant coronary lesions had implants elsewhere without coronary arteriography being repeated. Sixty-nine of the surgical candidates had no operations within 5 years. The 5-year survival of surgical candidates was 87.4 ± 3.5%; patients who had operations were dropped at the date of operation ( fig.  1) . However, 31 of the surgical candidates who did not undergo operation had one-vessel disease. Five-year survival for women with single-artery obstruction was 92.5 ± 5.2% and it was 80.9 5.2% for obstruction of multiple arteries.
Only one serious complication of cardiac catheterization occurred in the 1000 women. A 26-year-old woman who had an atypical history died during coronary arteriography, which showed more than 90% narrowing of the orifice of the left main coronary artery and severe obstructions in the anterior descending and circumflex coronary arteries. No patient had a myocardial infarction as a result of cardiac catheterization.
Discussion
The 1000 women studied represented 6.8% of patients catheterized during the specified 8-year period. All women were thought not to have coronary disease and only one had severe coronary obstruction. Ten percent of the 501 patients who were believed to have normal hearts actually had severe coronary disease. These figures illustrate the difficulty in making a clinical diagnosis that correlates well with arteriographic findings in young women. During the study, coronary arteriography was advised in patients who had a clinical diagnosis of typical or atypical angina. Coronary arteriography was advised on the basis of these diagnoses in 371 patients. Ninety women had experienced prolonged pain that was thought to be of coronary origin and a small group had no pain but strong suspicion of coronary disease on some other basis. The remaining patients had a previous diagnosis of coronary disease, but review of the clinical findings suggested that coronary disease was not or was probably not present. If the patient did not accept reassurance because of the conflict with previous diagnosis, coronary arteriography was advised. Selection of patients would not necessarily be the same at this time as in the 1961-1968 period, because additional studies, such as graded stress tests and radionuclide studies, have altered some attitudes. Physicians are now more reluctant to make a clinical diagnosis of coronary disease without strong evidence than they were 12 or more years ago. This is reflected by a change in referral patterns in our institution for men as well as women.
Waters et al.6 studied 239 women younger than 45 years of age arteriographically between 1972 and 1976, about a decade later than our study period. The precise indications for arteriographic study cannot be compared, but myocardial infarction was diagnosed electrocardiographically in about 19% of the group studied by Waters and 5% in the present study. This suggests a difference in patient selection. Women younger than 45 years of age constituted 3% of patients catheterized in the Waters' study and 4% in the present report. Waters et al. found no severe coronary lesions in 56%, compared with 76% in this report. These differences are not great, considering the difference of about a decade between the two periods of study. Problems in clinical diagnosis remain and coronary arteriography may be required for precise evaluation.
High survival rates for at least 2 years have been reported for patients who had no significant coronary obstructions, but most The present study confirms a favorable prognosis for young women without severe coronary obstruction and expands the reported experience of patients followed up for a long period. No deaths due to coronary disease occurred in patients who were arteriographically and ventriculographically normal, and there were four deaths attributed to coronary disease in women who had mild lesions, one in a patient who also had coronary ectasia. One of 34 women with moderate obstruction died from coronary disease.
Coronary events occurred in no patient whose arteriograms were thought to be normal, in seven of 83 who had mild disease, and in six of 34 who had moderate lesions. Combination of the normal and mild obstructive subsets and comparison of event rate with that of the moderately obstructive group showed a statistically significant difference, but the difference was not significant between the mildly and moderately obstructive subsets. This prognostic disparity was reported by Bruschke et al. ' had bypass surgery, or had myocardial infarction during the follow-up period. Day and Sowtonl3 reported that none of 22 women thought to have angina and normal arteriograms died within 2 years. More than half of the 761 women without severe obstructive disease still had pain at most recent follow-up. Reassurance and symptomatic therapy were not as effective in this group as might be expected.
Before initiation of the follow-up study, we realized that many of the 236 patients who had severely obstructive lesions had operations of some type after arteriography, and that these dropouts would distort the survival curves of the remaining patients. Only 69 patients who would have been candidates for bypass surgery did not have an operation of some type, but 31 of these patients had single-artery disease, leaving a group of only 38 with multivessel disease who could be expected to be at reasonably high risk. Five-year survival was 80.6% for the multivessel subset of surgical candidates. This rate is about the same (81.6%) as for 40 female surgical candidates unselected for age in another study." The small number of surgical candidates who did not have operation and the selection bias prevent confident conclusions. Disregarding surgical candidacy, 5-year survival of women who had severe obstructions was 74.1%. This compares with 72.8% for men younger than 50 years old (calculated from Proudfit et al.14) . The survival rate for young women who have severe obstructive coronary disease is probably about the same as that for young men.
